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INTRODUCTION
Potrero Canyon, California, is one of four areas where ground cracks were observed (Hart et al. 1995 , Hecker et al, 1995 , Rymer et al., 1995 following the 17 January, 1994 Northridge earthquake (Fig. 1) .
The main shock of the Northridge earthquake was generated by a southdipping blind thrust fault (USGS and SCEC, 1994) , located approximately 22 km south-southeast of Potrero Canyon. Observations of surface cracks (Fig. 2) at Potrero Canyon are important, because 1) the cracks are located at the approximate surface projection of the blind thrust fault and 2) Potrero Canyon and other parts of the Santa Susana Mountains are currently undergoing rapid suburban growth. If the surface cracks are tectonically related to the Northridge earthquake, the earthquake hazard of the area may be significant.
In February, 1994, the U.S. Geological Survey (USGS) acquired a seismic reflection/refraction profile across Potrero Canyon to explore the subsurface for evidence of faults that may be associated with the observed surface cracks. The USGS also conducted a paleoseismological trenching investigation across the surface cracks to look for evidence of faulting (Rymer et al., 1995) . For correlation purposes, the seismic line was located within a few meters of one of the trenches (Fig-2) .
This report presents data processing and acquisition parameters for the seismic survey acquired at Potrero Canyon. In addition, this report summarizes some of the findings presented in Catchings et al. (in press ).
GEOLOGY
Potrero Canyon is located within the Transverse Ranges of southern California and is one of several east-west-trending valleys that have undergone late Cenozoic faulting and folding (Wentworth and Yerkes, 1972) . The valley floor of Potrero Canyon is about 200 m wide at the location of the seismic survey, but varies in width along the length of the canyon (Fig. 3) . Surface and near-surface sediment types of the valley floor consist of a series of Holocene sand, gravel, and clay loam within the upper few meters (Rymer et al., 1995) . The basement and canyon walls consist of sandstone, conglomerate, and mudstone of the Pliocene Pico Formation (Winterer and Durham, 1962) . Exposed rocks on the south side of the canyon dip to the north (-50 ° to 70°) and those on the north side of the canyon, near the seismic line, dip to the southwest (20° to 50°) (Winterer and Durham, 1962, Rymer et al., 1995, Fig. 3) . Surface exposures of bedrock and associated faults and folds in Potrero Canyon indicate that structures vary greatly over relatively short distances, ranging from steeply dipping strata on fold limbs to sub-horizontal layers. In February, 1994, the USGS acquired high-rsolution seismic reflection and refraction data across Potrero Canyon along a NW-SE-trending, ~700-m-long line (Fig. 3) . Seismic sources consisted of 1-lb charges of ammonium nitrate buried to depths of about 2 m (6 ft) and spaced approximately 15 m apart (Appendix A). Prior to data acquisition, shot and receiver locations were determined using a measuring tape and compass. After the data were acquired, shot and sensor locations were measured more precisely using an electonic distance meter. The locations are accurate to within 0.001 m.
Sensors consisted of 46 strings of six 8-Hz Mark Products geophones spaced 15 m apart and connected by cable. The six geophones at each site were grouped into a cluster that was about 0.3 m in diameter. The seismic data were recorded on a 64-channel recording system using a 2-ms sampling interval without filters. Each shotpoint was co-located at a receiver location and the shot time was determined by the up-hole time. A total of 31 shots were fired along the ~700-m-long line (Table 1) . For each shot, five-second records were recorded in PC-SUDS format on a PC hard disk. The seismic data were then transferred to optical disk for permanent storage. Shot and Receiver Locations A plot of geophone elevation variation is shown in Figure 4 . The relative elevations along the seismic line vary by about 35 m. Geophone locations varied from a staight line (connecting the endpoints) by not more than 5 m (Fig. 5 , Appendix A).
Shot points were not located along the northeastern 160 m of the line, because shot holes could not be drilled on the steep slopes. Figure 6 shows shot point elevation as a function of distance along the seismic line. Because shot points were located prior to making electronic measurements, the line of shot points also varied from a straight line. There was about a 4.3-m variance from a straight line along the ~500-m-long array of shots ( 
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SEISMIC PROCESSING
The data were processed using both seismic refraction and seismic reflection techniques. Using these two approaches on the same data set increases our understanding of the subsurface by providing independant constraints and interpretations.
Velocity Modeling
In seismic refraction processing, the first-arrivals and intercept times were measured and a preliminary model was developed based on calculated velocities. This model was then input into a velocity inversion routine developed by Hole (1992) . The final velocity model is shown in Figure 8 (from Catchings et al. (in press) ).
In general, velocities range from less than 300 m/s at the surface to about 5000 m/s at 100 m depth. At the surface, there are two areas (near meter 375 and meter 550) with unusually low velocities (<300 m/s) and a higher gradient. At these locations, velocities increase from less than 300 m/s to more than 3000 m/s within the upper 50 m. The low-velocity (<300 m/s) areas are interpreted to result from lesser consolidated sediments, such as open fractures generated by earthquake-induced shaking. Although we cannot determine whether or not the low-velocity areas existed prior to the development of fractures, the areas of low velocities correspond to the surface locations where earthquake-generated surface cracks were mapped (Fig. 2, Rymer et al., 1995) . Although the entire profile had redundant ray coverage ranging from approximately three separate ray paths to more than 75 separate ray paths, the southeasternmost 30 m and the northwesternmost 160 m of the line were not reversed (Figure 8) . Thus, the model is best resolved near the central part of the model.
Stacked Seismic Images
Velocities inferred from stacking data were derived from the velocity model discussed above. The following steps were involved in data processing: The locations determined from the electronic-distance-meter surveys were imported directly into our Promax processing routine. Due to poor coupling between the geophones and the earth, malfunctioning geophones, and/or local noise sources along the seismic line, some unusually noisy traces had to be removed. The affected traces often varied from shot to shot; thus, separate trace edits were employed for each shot gather. We used bandpass filtering with a low cut of 30 Hz to remove most surface waves, shear waves, and cultural noise. A high cut of about 250 Hz was used to remove wind noises and other highfrequency noises. Stacked migrated seismic images for the uppermost 100 m and 1500 m sections of the subsurface are shown in Figure 9 and Figure 10 , respectively. Along the horizontal axis, the locations of the observed surface cracks (Fig. 2) are indicated by the letters "SC". The smaller numbers at the top of the figure refer to distance in meters, comparable with locations in the velocity model. The larger numbers refer to common depth points (CDP), whereby each CDP is about 7.5 m. The elevation of the topographically highest geophone is used as a datum.
The seismic reflection data in the stacked images shown in Figure 9 indicate variations in structure that are consistent with the velocity data. A poor image of the upper 100 m along the southeastern end of the profile is attributed to the high dips (65°-70°) of the near-surface strata along that segment of the line. From about 600 m to 1000 m depth, a series of reverse-faulted reflectors dip to the southeast (Fig. 10) , and there are indications of shallow faulting in the upper 100 m.
Fold
Fold for the Potrero Canyon survey varied systematically from five at the southeastern end to a maximum fold of 31 near the center of the line (Fig. 11) . From the center of the line to the northwestern end, fold decreased from a high of 31 to one. The fold pattern resulted from our use of a "shoot through" acquisition method, whereby the receiver array remained fixed as shots were fired into the array.
INFERRED STRONG SHAKING IN POTRERO CANYON
The relative distance of Potrero Canyon from the earthquake's epicenter and the rarity of other locations where surface cracks developed following the main shock, indicate that shaking in the Potrero Canyon was unusually strong. Strong motion accelerometers placed in Potrero Canyon following the Northridge earthquake, also indicate that Potrero Canyon experienced unusually strong shaking from aftershocks. Thick accumulations of sediments are known to generate strong local shaking, but the seismic data indicate that unconsolidated sediments are no more than 20 m thick along the seismic line. We infer shallow faulting at imaged low velocity zones near mapped surface cracks. We also infer that recorded strong ground shaking may have resulted from co-seismic movement on existing faults beneath Potrero Canyon or that seismic energy was channelled along the faults beneath Potrero Canyon. Common Depth Point (CDP) Figure 11 . Fold as a function of common depths points along the seismic line. Distance is relative to the first geophone at the southeast end of the line.
Potential Earthquake-Hazards
The seismic velocity data and the seismic reflection images are suggestive of faults beneath Potrero Canyon that extend to the surface or near-surface. At depth, there appear to be at least two thrust faults that have little expression at the surface, suggesting they are blind thrusts. It is likely that the imaged thrust faults extend much farther south beneath the Santa Susana Mountains. Such thrust faults pose an obvious seismic hazard to the area; however, the extent of the thrust faulting is not known. The Santa Susana Mountains are undergoing active tectonism, and the fact that such faults are imaged beneath a rapidly developing area is a compelling reason to conduct further imaging studies to quantify the hazard in the area.
DATA AVAILABILITY
The data presented in this report are archived at the USGS (Menlo Park) in SEG-Y format. The data are available as shot gathers with elevation and shot timing corrections applied. The principal investigator (R.D. Catchings) can be contacted at the address on the cover of this report for copies of the digital data. 
